We analysed the clinical course of 30 adult patients at the start of appropriate antimicrobial therapy was a valid predictor of death or a permanent vegetative with Klebsiella pneumoniae meningitis, 18 community-acquired and 12 hospital-acquired, to assess state (sensitivity 82%, specificity 93%, p=0.005), even after adjusting for the effect of confounding whether the timing of appropriate antimicrobial therapy had a major effect on prognosis. Of the 30 variables by logistic regression. Timing of appropriate antimicrobial therapy, as defined by consciousness patients, 29 received appropriate antibiotics. The time from initial symptoms to the start of appropriate level but not by symptom duration, is a major determinant of survival and neurological outcome for therapy, antibiotic resistance of K. pneumoniae isolates, underlying disease severity, diabetes mellitus, patients with K. pneumoniae meningitis, and the first dose of an appropriate antibiotic should be adminisage, gender, and acquisition settings were all not significantly correlated with outcome. However, a trated before their consciousness deteriorates to a GCS score of 7 points or less. Glasgow coma scale (GCS) score of 7 points or less
Introduction
Klebsiella pneumoniae, a pathogenic encapsulated
The timing of appropriate antimicrobial therapy may be an important factor related to survival and Gram-negative bacillus, has gained an increasingly important role in adult meningitis both in communneurological outcome. However, there is a lack of data from previous studies on this issue.2-5,9,12 Timing ity-acquired and hospital-acquired settings over the past 30 years.1-3 Many patients are susceptible to K.
of therapy can be defined as the time from the initial symptoms to the start of therapy. Although intuitive, pneumoniae meningitis, including patients with diabetes mellitus, debilitating diseases, extrameningeal K.
this definition has some drawbacks, since the occurrence of the initial symptoms does not necessarily pneumoniae infections, K. pneumoniae bacteraemia, and patients with head injury or who have undergone equate to the onset of meningitis. For communityacquired K. pneumoniae meningitis, determination neurosurgical procedures, with or without cerebrospinal fluid (CSF) leakage.4-7 In Taiwan, K. pneumoniae of onset of meningitis by initial symptoms is especially problematic, since extra-meningeal K. pneuis one of the most common causative pathogens of community-acquired bacterial meningitis.8 Despite the moniae infections often precede the development of metastatic meningitis.4-6 Furthermore, symptom use of potent antibiotics with excellent in vitro activity such as third-generation cephalosporins, the case appearance reported by patients or family may not be accurate. An alternative way to define the timing fatality rate of K. pneumoniae meningitis remains high at 30-40%.9,10 Survivors may suffer from long-term of therapy is based on the severity of meningitis at the start of therapy. Since untreated K. pneumoniae severe neurological sequelae.9,10 meningitis will run a progressive deteriorating course Data and is almost universally fatal,13,14 the severity of
The following data were obtained from the medical physiological derangement can serve as an objective records of each of the included cases of K. pneumonindicator of the stage of disease.
iae meningitis: demographic and clinical information, To explore whether the timing of appropriate laboratory results, candidate prognostic factors, antimicrobial therapy had a major impact on the timing and choice of antimicrobial therapy, antimiprognosis of K. pneumoniae meningitis, we studied crobial susceptibility of the K. pneumoniae isolates, the outcome and prognostic factors of all adult and outcome. patients with a diagnosis of K. pneumoniae meningitis who were treated at our hospital over the past The isolates were classified as resistant to third-generation cephalosporins if ESBL-related The cases of K. pneumoniae meningitis were retroresistance phenotype was confirmed by E test ESBL spectively identified through two methods. First, the screen. Appropriate antimicrobial therapy was list of all adult patients with a discharge diagnosis defined as the use of bactericidal agents which can of bacterial meningitis (ICD-9 code 320) was reach therapeutic concentrations in the central nervobtained using the computer database of discharge ous system and to which the isolated pathogens diagnoses. Second, the list of all patients with K.
were susceptible in vitro, in a dosage adequate to pneumoniae isolated from CSF culture was obtained treat meningitis. using the computer database of clinical bacterial isolates. The medical records of these patients were Definition of symptom duration and then reviewed and the cases that met the inclusion criteria were included in this study.
severity of meningitis
Symptom duration before treatment was defined as Inclusion criteria the duration from the first occurrence of fever, headache, or consciousness disturbance, to the first To be included as a case of K. pneumoniae meningitis, K. pneumoniae must have been isolated either dose of appropriate antimicrobial therapy. The severity of meningitis at the start of appropriate antimicrofrom CSF culture or from blood cultures taken during the initial diagnostic work-up for meningitis; and bial therapy was assessed by three different sets of physiological parameters: (i) the Glasgow coma scale there should have been no other pathogen in the CSF and blood. In addition, the following two clinical (GCS) for consciousness,21 (ii) sepsis and septic shock for systemic inflammatory responses,22 and (iii) Acute criteria had to be met: (i) clinical presentation with acute onset of fever, plus neck stiffness, positive Physiology and Chronic Health Evaluation (APACHE) II score for overall physiological derangement.23 The Kernig's sign, and/or consciousness disturbance; and (ii) pleocytosis with neutrophil predominance, hypoterms sepsis, severe sepsis, and septic shock were defined according to the 1992 American College of glycorrhachia, and/or increased protein level in CSF. * Median (range). ** Some patients had more than one predisposing condition. 1 Secondary to head injury (2), neurosurgical procedure (7), and nasopharyngeal carcinoma (1). 2 Indication: pituitary adenoma (5), craniopharyngioma (1), arteriovenous malformation (1), eyeball rupture (1), orbital adenocarcinoma (1), pontine astrocytoma (1). 3 Pyogenic liver abscess (3), septic endopthalmitis (4), pneumonia (3), lung abscess (1), otitis media (1), urinary tract infection (2), lumbar disciitis (1), perianal abscess (1). †Secondary to chemotherapy for non-Hodgkin's lymphoma. ‡Elective, for thalassaemia major, 9 years before meningitis.
Chest Physicians/Society of Critical Care Medicine in symptom duration between two groups. Both Pearson's r (parametric) and Spearman's r (nonConsensus Conference Committee definition of sepsis and septic shock.22 APACHE II scores were calculated parametric) tests were used to examine the correlation between symptom duration and severity of meningitis. by the original scoring system,23 but to enhance the applicability of this scoring system to the present The logistic regression model (SPSS for Windows, Release 8.0) was used to adjust for the effects of other patient group, modification was allowed to assign zero points to the items 'PaO 2 ' and 'pH' if the variables on the main parameters of interest. attending physicians did not perform arterial blood gas analysis due to the absence of cyanosis or respiratory distress. For comparison, consciousness
Results
and systemic inflammatory responses recorded at the initial medical evaluation were also obtained.
Demographic features and predisposing conditions Definition of outcome
A total of 30 adult patients with K. pneumoniae meningitis were identified during the period January Outcome was classified into two categories: good 1986 to April 1999, including 18 community-(survival with no or minor neurological deficit) and acquired cases and 12 hospital-acquired cases. poor (death or a permanent vegetative state). For Seventeen of these 30 cases were spontaneous and patients who survived but had neurological sequelae, 13 cases were head-injury-or neurosurgery-related. the neurological outcome was classified according
The demographic characteristics and predisposing to the status at discharge from hospital. Neurological conditions of these cases are summarized in rhinorrhea ( p=0.004). The reasons for neurosurgical was isolated from CSF in 25/30 patients. In the remaining five patients, the diagnosis of K. pneumonprocedure included pituitary adenoma, other intracranial tumors, vascular malformation, and head iae meningitis was confirmed by isolation of K. pneumoniae from blood during initial diagnostic injury. The causes of CSF rhinorrhea included neurosurgical procedure, head injury, and nasopharyngeal work-up for acute community-acquired meningitis with fever, neck stiffness, pleocytosis and elevated carcinoma.
According to the McCabe-Jackson criteria, the protein in CSF, and without other pathogen isolated. underlying diseases were classified as non-fatal in 26 patients. Four patients had an ultimately fatal Antimicrobial susceptibility of K.
disease (nasopharyngeal carcinoma, orbital adenpneumoniae isolates ocarcinoma, non-Hodgkin's lymphoma, and pontine astrocytoma, respectively). None of the patients had In 28 of the 30 patients, the K. pneumoniae isolates were susceptible to all cephalosporins and aminoglya rapidly fatal underlying disease.
cosides. Only two patients, both with hospitalacquired meningitis, were infected by K. pneumoniae
Clinical features and CSF findings
isolates with an ESBL-related resistance phenotype The initial clinical manifestations are summarized in (resistant to cefotaxime but susceptible to cephamy- Table 2 . Patients with hospital-acquired K. pneumoncins). Both of the K. pneumoniae isolates with an iae meningitis were less likely to have neck stiffness ESBL-related resistance phenotype were susceptible ( p=0.009). Otherwise, the clinical features were to imipenem and ciprofloxacin. not significantly different between the two groups. Fever and headache were the most common preAntimicrobial therapy senting symptoms. The median duration from initial symptoms to the diagnosis of meningitis was longer Antimicrobial therapy was prescribed immediately after the diagnosis of meningitis in all patients. Initial in community-acquired cases (5 days, range 0-27 days) than in hospital-acquired cases (2 days, range antibiotic therapy for meningitis was appropriate in 27 patients. In another two patients, therapy was 0-17 days), but this difference was not statistically significant. Among the 30 patients, 21 had disturbed switched to an appropriate agent after culture results were reported. A total of 29 patients received approconsciousness at presentation, including six patients with a GCS score ∏7 points at initial evaluation.
priate antibiotics during the course of treatment. The remaining patient, who received penicillin G and Two patients had severe sepsis at initial evaluation.
All 30 patients underwent lumbar puncture for chloramphenicol, died before culture results became available. CSF study. The CSF findings are summarized in Table 2 . There was no significant difference in CSF Third-generation cephalosporins (cefotaxime, ceftriaxone, or moxalactam) were used to treat findings between the two groups. K. pneumoniae meningitis in 28 patients infected by susceptible
The prognostic factors of the 30 patients with K. pneumoniae meningitis are listed in Table 3 . K. pneumoniae isolates. Two patients infected by K. pneumoniae with ESBL-related resistance phenotype Duration of symptoms >3 days before the start of appropriate therapy was not significantly associated were initially treated with ceftazidime and meropenem, respectively. After culture results became with a worse outcome. The median duration of symptoms before appropriate therapy was not signiavailable, ceftazidime was changed to ciprofloxacin in one of these patients, while the other received ficantly different in patients with good outcome (3 days, range 0-27 days) and those with poor outcome meropenem throughout the course.
The duration of antibiotic therapy was at least (5 days, range 1-17 days) ( p=0.41, Mann-Whitney test; p=0.97, Student's t test). However, all three 3 weeks in 23 patients, including two patients who received 6 weeks of therapy because brain abscess physiological parameters at the start of appropriate therapy predicted the outcome with statistical signicomplicated the disease course. Seven patients died before the 3 weeks had passed. Two patients with ficance as follows: GCS ( p=0.0002), severe sepsis or septic shock ( p=0.04), and APACHE II score brain abscess underwent surgical drainage in addition to antibiotic therapy.
( p=0.011). For a poor outcome, a GCS score of seven points or less at the start of appropriate therapy had a predictive power of 82% sensitivity and 93%
Timing of appropriate antimicrobial therapy specificity; severe sepsis or septic shock at the start of appropriate therapy had a predictive power of The duration from the initial symptoms to the first dose of appropriate antibiotic therapy ranged from 0 45% sensitivity and 94% specificity; and an APACHE II score of 20 or higher at the start of appropriate to 27 days. The median duration was longer in the community-acquired group (5 days, range 1-27 days) therapy had a predictive power of 60% sensitivity and 100% specificity. than in the hospital-acquired group (3 days, range 0-17 days), but the difference was not statistically Unlike severity of meningitis at the start of therapy, severity of meningitis at initial evaluation was not significant.
The GCS scores at the start of appropriate antisignificantly correlated with outcome. Both a GCS score of 7 points or less (odds ratio 8.0, 95%CI biotic therapy ranged from full (15 points) to three points. Ten patients had a GCS score of ∏7 points 0.7-85.8, p=0.12) and severe sepsis/septic shock (odds ratio 3.8, 95%CI 0.3-47.6, p=0.54) at initial when the first dose of appropriate antibiotic was given. The GCS scores were not available in three evaluation were not valid outcome predictors.
Patients with longer duration of symptoms prior patients, two of whom were recorded as lethargic and one of whom had missing data. All three of to treatment did not necessarily have more severe meningitis at the start of treatment. The correlation these patients survived without sequelae.
The status of systemic inflammatory responses at between symptom duration and GCS scores at the start of appropriate therapy was not significant the start of appropriate antibiotic therapy ranged from sepsis to septic shock. Logistic regression analysis neurological deficit, and 17 survived without obvious neurological sequelae. The case fatality rate was After adjusting for the effects of confounding variables, including underlying disease severity, ESBL 33%. Of the ten fatal cases, seven died within one week after the development of initial symptoms.
resistance phenotype of K. pneumoniae isolates, 
Discussion
GCS at the start of appropriate therapy continued The most important finding of this study is that the to be a statistically significant outcome predictors timing of appropriate antibiotic therapy, as defined ( p=0.005). Severe sepsis/septic shock at the start of by consciousness level measured by GCS, is a major therapy ( p=0.089) and APACHE II score at the start determinant of survival and neurological outcome of of therapy ( p=0.9) became statistically nonpatients with K. pneumoniae meningitis. A GCS significant after adjusting for the effects of confounding variables. score of 7 points or less at the start of appropriate therapy predicts a poor outcome with 82% sensitivity patients. In these patients, it was difficult to determine the exact time when K. pneumoniae invaded the and 93% specificity. In contrast, symptom duration prior to appropriate therapy was not significantly central nervous system. It is also possible that some patients had a more fulminant course and deteriorcorrelated with the outcome of K. pneumoniae meningitis.
ated more quickly than others. However, we also found that outcome was not determined by the Some of the variables not shown to be statistically significant outcome predictors in this study might severity of meningitis at initial evaluation. Prompt appropriate antimicrobial therapy as soon as possible actually be important. Lu reported that inappropriate antibiotic therapy is associated with mortality.9 But is still strongly recommended. Bacterial meningitis is a life-threatening disease because almost all of the patients in this study received appropriate antibiotics, the appropriateness even in the antibiotic era.24 A valid outcomepredicting method not only assists the design of of antibiotics cannot be demonstrated to be statistically significant. Similarly, since only two patients clinical trials of new therapeutic strategies, but also facilitates patient management by identifying those had septic shock at the start of therapy and none had a rapidly fatal underlying disease in this study, in need of intensive treatments.27 Depressed consciousness level at admission has been found to be the effects of these two important factors cannot be statistically judged. The species of the pathogen one of the most important prognostic factors in most previous studies. indicate that GCS can also be applied to predict the outcome of Gram-negative bacillary meningitis. years, diabetes mellitus, and severe neurological deficit at admission adversely affected mortality, 10 Consciousness level at admission may not be accurate enough for outcome predicting. The conbut Lu concluded that only septic shock and inappropriate antibiotics were associated with mortality. 9 sciousness of patients may deteriorate rapidly over a period of several hours, and appropriate antimicroPrevious investigators also neglected the devastating consequences of a permanent vegetative state and bial therapy may not be started immediately at admission in every patient. 35 Since appropriate anticlassified this condition as survival, for which treatment was considered successful.11,12 The result of biotic therapy is the key to survival for patients with bacterial meningitis, consciousness level at the start the present study showed that the timing of appropriate antibiotic therapy, as defined by consciousness of appropriate antibiotic therapy may be a more appropriate prognostic indicator than consciousness level measured by GCS, was the major determinant of survival and neurological outcome in patients level at admission. This has been validated in the present study of patients with K. pneumoniae meninwho received appropriate antibiotic therapy. This conclusion is biologically plausible, since deteriorgitis. For patients with bacterial meningitis due to other pathogens, the GCS scores at the start of ated consciousness in meningitis is a marker of severe brain oedema and increased intracranial presappropriate therapy may similarly provide a more accurate prediction of outcome than the GCS scores sure, which is the major pathophysiological mechanism responsible for morbidity and mortality in at admission. Patients with bacterial meningitis may deteriorate bacterial meningitis.25,26 Our findings imply that the prognosis of patients with K. pneumoniae meningitis quickly. Clinical wisdom emphasizes the importance of prompt antimicrobial therapy,29 and some medis improved if the first dose of appropriate antibiotic therapy is administrated before the consciousness of ical-legal cases have involved the possible failure to initiate treatment at an earlier stage of disease.36 patients deteriorated to a GCS score of 7 points or less.
However, no previous study has ever confirmed a clinically valid relation between timing of antimicroIn this study, the poor correlation between symptom duration before therapy and outcome may be bial therapy and outcome. 
